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Abstract
Transfer RNA (tRNA) is a multifunctional key cellular molecule which is widely known for its involvement in genetic decoding during protein biosynthesis (1-3). Modified components found in tRNA are derivatives of the four common ribonucleosides namely Adenosine (A), Guonosine (G), Uridine (U) and Cytidine (C). Most of the modifications involve simple alkylation, hydrogenation, thiolation or isomerization of these four common ribonucleosides in the base and the 2'-hydroxyl group of the ribose. However, some modifications involve complex chemical modifications which are characterized by the presence of diverse functional groups in substituents, such tRNA components are referred as hypermodified nucleosides. The hypermodified nucleic acids bases N6-(D2-isopentenyl) adenine, i6Ade, and related derivatives like 2-methylthio- N6-(D2-isopentenyl ) adenine, ms2i6Ade or N6-(D2- cis-hydroxyisopentenyl) adenine, cis-io6Ade (also known as cis- zeatin) and 2-methylthio- N6-(D2 -cis-hydroxyisopentenyl) adenine, cis-ms2io6Ade (also known as cis-ms2zeatin) occur at anticodon 3'-adjacent position in those tRNAs which recognize the codons starting with uridine (4). Likewise the presence of trans-zeatin and trans-ms2zeatin in tRNA has also been reported. The change in tRNA modification from isopentenyl to hydroxyisopentenyl substituent with aerobiosis may signify turning off the anaerobic metabolism pathways and switching on to aerobic ones (5). Under aerobic conditions characterized by the presence of free molecular oxygen, in salmonella tRNA hydroxylation of ms2i6Ade to ms2io6Ade occurs (6). As free bases i6Ade and io6Ade act as cytokinin active compounds which promote cell division and differentiation in plant tissue culture. Similarly the hypermodified nucleosides 5-carbamoylmethyl uridine (ncm5U) and Lysidine (k2C) occur at the first position (34th) in the anticodon loop of tRNA. The lysidine modification prevents mistranslation of AUG as isoleucine and that of AUA as methionine (7). The diverse modifications occuring at the first position of the anticodon do not hinder canonical Watson-Crick base pairing, but can restrict or enlarge the scope of Wobble base pairing for reading the third base of the codon. The anticodon 3'-adjacent modifications prevent extended Watson-Crick base pairing on the 3'-side and may thus help define the proper reading frame for anticodon-codon interactions. In order to understand the conformational preferences of these hypermodified nucleosides, conformational energy calculations using suitable theoretical methods with computer simulations and molecular modeling visualization have been made. OUTLINE OF THE THESIS: The thesis has been divided into the following chapters. CHAPTER I : INTRODUCTION The general introduction to nucleic acids and its common components, more specifically to tRNA with its usual and modified nucleic acid bases is provided. For instance N6-(D2-isopentenyl)adenine, i6Ade with hydrophobic substituent and related derivatives like 2-methylthio- N6-(D2-isopentenyl ) adenine , ms2i6Ade, the hydroxylated derivatives, cis or trans zeatin (io6Ade), cis or trans ms2zeatin (ms2io6Ade) besides modified nucleic acid base having hydrophilic substituent like N6-(N-glycylcarbonyl)adenine (gc6Ade), occur at 37th position in anticodon loop of specific tRNAs. Examples of modified nucleosides at 34th position include 5-cabamoylmethyl uridine (ncm5U) and 4-amino-2-(N6-lysino)-1-(b-D-ribofuranosyl)pyrimidinium ("Lysidine") designated as k2C. References to the published literature on occurrence of modified bases in various tRNAs of different organisms are provided. Aim of the chapter is to provide the scope of the thesis and an overall outline of the reported investigation. CHAPTER II: METHODS Chapter II describes the methods utilized to study the conformational preferences and the significance of modified base in tRNA anticodon loop, the methods are- 1). PCILO: The semi-empirical quantum chemical perturbative configuration interaction with localized orbitals (PCILO) method has been used for the energy calculations of various molecular conformations (8-9). 2). Automated geometry optimization calculations using quantum chemical molecular orbital methods based on Modified Neglect of Differential Overlap (MNDO) framework but various subsequent parametric refinements like Austin Model 1 (AM1) and (PM3) for comparative study. 3). Full geometry optimization with the help of molecular mechanics force field (MMFF) method specially useful for tackling large molecules. 4). Hartree-Fock (Self-Consistent Field) method has also has been used to check the salient features. 5). Molecular dynamics simulation has been used to study the structural features of tRNA anticodon stem loop. Steepest-Descent minimization is also initially applied in order to relax the starting geometry and remove steric clashes. CHAPTER III: PART-A: CONFORMATIONAL PREFERENCES OF HYDROXYISOPENTENYL ADENOSINE AND ANALOGS. Chapter III, part-A presents the results and discussion of hypermodified bases, N6-(D2-cis-hydroxyisopentenyl)adenine, cis-io6Ade, or cis-zeatin and N6-(D2-trans-hydroxyisopentenyl) adenine, trans-io6Ade or trans-zeatin and 2-methylthio derivatives of these cis-ms2io6Ade or cis-ms2zeatin and trans-ms2io6Ade or trans-ms2zeatin. The most stable and alternative stable conformations for these molecules are presented. Model hypermodified nucleotide diphosphate segment, trinucleotide segment, and seven nucleotide anticodon loop segments contain N6-(D2-isopentenyl)adenosine, i6A and its 2-methylthio derivative ms2i6A Interactions of the modified base with the other bases and ribose-phosphate backbone in anticodon loop are discussed in this chapter. The important role of polar hydroxyl group in various zeatin isomers and ms2-derivatives is also discussed. PART B: COMPILATION AND ANALYSIS OF tRNA DATABASE: PART-B: The tRNA sequence database of M. Sprinzl et al. (10) has been utilized for analysis. Sequence patterns and statistical analysis of various modified bases occuring at 37th and at 34th positions in anticodon loop of tRNA is presented. CHAPTER IV: HYPERMODIFIED NUCLEOSIDE 5-CARBAMOYLMETHYL URIDINE ( ncm5U34) AND ITS INTERACTION WITH IO6A37 Chapter IV presents the most stable conformation and alternative structures for the hypermodified nucleoside 5-carbamoylmethyl uridine (ncm5U). In tRNAser(UGA) from Nicotiana rustica, the wobble nucleoside ncm5U occurs at 34th position along with io6A present at 37th position. A seven nucleotide anticodon loop structure is described here for cis or trans io6A. The intermolecular interactions between adjacent nucleosides and interactions of 34th and 37th bases with ribose phosphate backbone in anticodon loop is discussed. CHAPTER V: STUDIES ON OTHER INTERESTING MODIFIED NUCLEOSIDES PART-A Includes the protonation induced conformational transitions of the N(6) substituents, in hypermodified nucleic acid base N6-(N-glycylcarbonyl)adenine (gc6Ade), on diprotonation of the adenine ring at any two of the three possible N(1), N(3) and N(7) sites. PART-B Includes the conformational preferences of hypermodified nucleoside 4-amino-2-(N6-lysino)-1-(b-D-ribofuranosyl)pyrimidinium ("Lysidine") designated as k2C. CHAPTER VI: ANTICODON LOOP STRUCTURE WITH MODIFIED COMPONENTS Molecular dynamics study of anticodon stem loop part is described. In tRNAser (UGA) from Nicotiana rustica, modified nucleosides, ncm5U at 34th position and io6A at 37th position are found. E. coli tRNAser(GGA) also contains io6A at the 37th position. Molecular models of the anticodon arm of these have been utilized for molecular dynamics simulations to probe the effect of modified components on the anticodon loop structure. 
  	 


